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Description
Technical Field

[0001] The present invention relates to a resin composition for a stereo-forming apparatus, a filament for a stereo-
forming apparatus, a molded object, and a pellet for a stereo-forming apparatus. In particular, the present invention
relates to a resin composition for a stereo-forming apparatus capable of forming a filament that can be used in a stereo-
forming apparatus, a filament for a stereo-forming apparatus, a molded object, and a pellet for a stereo-forming apparatus.

Background Art

[0002] Inrecentyears, a stereo-forming technique of a three-dimensional structure by a stereo-forming apparatus has
been developed. For example, a material extrusion deposition type (an FDM system) stereo-forming apparatus (3D
printer) for thermally melting and depositing a resin filament has been reduced in price. Therefore, not only in the
manufacturing industry but also in a small scale business, an industrial high school, an individual, and the like, it is
possible to manufacture a three-dimensional molded object without using a mold and manufacture a three-dimensional
molded object having a shape that is difficult to shape with a mold. As a resin filament used in a stereo-forming apparatus,
resin filaments constituted of polylactic acid (PLA resin), acrylonitrile-butadienestyrene resin (ABS resin), or the like,
which are excellent in moldability and adhesion to a stage of the stereo-forming apparatus, are widely used. However,
the PLA resin has high water absorption, has very poor post-processing properties, and is poor in physical properties
such as impact resistance and chemical resistance. In addition, the ABS resin has good post-processing properties, but
has high water absorption, and is likely to warp during molding.

[0003] Therefore, as a resin filament material, general-purpose resins such as polypropylene (PP), which have ex-
tremely low water absorption, excellent post-processing properties, and excellentimpact resistance, chemical resistance,
and the like, as compared with PLA and ABS, are attracting increasing attention. However, for example, PP has a
problem in moldability because a warp occurs during molding.

[0004] Therefore, conventionally, a resin molding material for a stereo-forming apparatuses which contains a thermo-
plastic resin (A) contained 30% to 80% by mass, a thermoplastic elastomer (B) contained 1% to 45% by mass, and a
modified agent (C) contained 0.5% to 15% by mass, and a tackifier resin (D) contained 5% to 35% by mass (provided
that when the thermoplastic elastomer (B) is a functional group-imparted thermoplastic elastomer to which a functional
group is imparted, the modified agent (C) may not be included.) in a molding material is known (see, for example, Patent
Literature 1). According to the resin molding material for a stereo-forming apparatus according to Patent Literature 1, a
general-purpose resin such as polypropylene resin can be used to provide a resin molding material for a stereo-forming
apparatus usedin the stereo-forming apparatus having low density, heat resistance, durability, impact resistance, molding
suitability, and low shrinkage.

Citation List

Patent Literature

[0005] Patent Literature 1: JP 2020 -157609 A
Summary of Invention

Technical Problem

[0006] However, in a resin molding material for a stereo-forming apparatus described in Patent Literature 1, when a
stereo-forming is performed, it is a requirement to attach a polyimide film on a stage of a stereo-forming apparatus and
to apply a 3D stage sealant (water-soluble adhesive) on the polyimide film (see paragraph 0075 of Patent Literature 1).
That is, in the conventional technologies including Patent Literature 1, it is not possible to ensure an adhesiveness for
the stage of the resin molding material for a stereo-forming apparatus, and it is not possible to omit a step of applying
adhesive to the stage or the film. This indicates that the resin molding material for a stereo-forming apparatus in the
conventional technologies cannot ensure adhesiveness to the stage while ensuring moldability.

[0007] Therefore, a purpose of the present invention is to provide a resin composition for a stereo-forming apparatus,
a filament for a stereo-forming apparatus, a molded object, and a pellet for a stereo-forming apparatus, which can
improve an adhesiveness to a stage and a moldability during molding of a stereo-forming apparatus.
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Solution to Problem

[0008] In order to achieve the above purpose, the present invention provides a resin composition for a stereo-forming
apparatus used in an FDM system, comprising: a thermoplastic resin (A); and a polymer (B) having reactive groups and
non-polar polymer molecular chains, wherein a weight-average molecular weight of the thermoplastic resin (A) is higher
than a weight-average molecular weight of the polymer (B) having reactive groups and non-polar polymer molecular
chains, with respect to 100 parts by mass of the thermal plastic resin (A), the polymer (B) having reactive groups and
non-polar polymer molecular chains is contained more than 10.3 parts by mass and 37 parts by mass or less, the polymer
(B) having reactive groups and non-polar polymer molecular chains is a graft-type polymer, and a value obtained by
multiplying a ratio of a mass of the polymer (B) having reactive groups and non-polar polymer molecular chains to a
total mass of the resin composition for stereo-forming apparatus by a graft ratio of the polymer (B) having reactive groups
and non-polar polymer molecular chains is 0.165% or more and less than 0.57%.

[0009] Inaddition, in orderto achieve the above purpose, the present invention provides a filament for a stereo-forming
apparatus comprising a resin composition for a stereo-forming apparatus as described above.

[0010] Furthermore, in order to achieve the above purpose, the present invention provides a molded object comprising
a resin composition for a stereo-forming apparatus described above. In addition, in order to achieve the above purpose,
the present invention may provide a pellet for a stereo-forming apparatus comprising a resin composition for a stereo-
forming apparatus described above.

Advantageous Effects of Invention

[0011] According to the resin composition for a stereo-forming apparatus, the filament for a stereo-forming apparatus,
the molded object, and the pellet for a stereo-forming apparatus according to the present invention, a resin composition
for a stereo-forming apparatus, a filament for a stereo-forming apparatus, a molded object, and a pellet for a stereo-
forming apparatus, which can improve an adhesiveness to a stage and a moldability during modeling of a stereo-forming
apparatus, can be provided.

Brief Description of Drawings
[0012]

Fig. 1 is a graph showing a warp of a molded object with respect to MAPP type.

Fig. 2 shows graphs showing a comparison between measured values according to Examples and Comparative
Examples and predicted values by a non-linear prediction model.

Fig. 3 shows graphs showing predicted values of warp of each MAPP obtained from a non-linear prediction model.
Fig. 4 is a graph showing relationships between amounts of reactive group introduced and amounts of warp of the
resin composition for a stereo-forming apparatus according to Examples and the resin composition according to
Comparative Examples.

Fig. 5 is a graph showing relationships between amounts of reactive group introduced and amounts of adhesive
strength of the resin composition for a stereo-forming apparatus according to Examples and the resin composition
according to Comparative Examples.

Fig. 6 is a graph showing an effect of addition of a component (C) on a warp.

Fig. 7 is a graph showing relationships between amounts of adhesive strength of the resin composition for a stereo-
forming apparatus according to Examples and adhesive strength of the resin composition according to Comparative
Examples, and amounts of warp.

Description of Exemplary Embodiments
First Exemplary Embodiment

[0013] As a resin filament (hereinafter sometimes referred to as a "filament") for a stereo-forming apparatus (3D
printer), it is desirable to use a general-purpose resin such as polypropylene (PP), which has extremely low water
absorption, good post-processing properties, excellent impact resistance, chemical resistance, and heat resistance and
can be used in a variety of applications. However, PP, for example, has a large shrinkage rate of 1% to 2.5%, which
tends to cause a large warp due to shrinkage during molding (low moldability), and it has extremely weak adhesiveness
to a stage of the stereo-forming apparatus and a sheet (protective sheet, platform tape, etc.) placed on the stage and
therefore, when it is molded on the stage, it peels off from the stage. Therefore, even when PP is used as a resin filament
as it is, it cannot withstand practical use as a resin composition for a stereo-forming apparatus.
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[0014] When manufacturing a molded object using a stereo-forming apparatus, the molded object may be manufactured
on a stage of the stereo-forming apparatus or on a sheet that protects the stage. In this case, since an adhesiveness of
PP is extremely wealk, it is required to fix the molded object to the stage and a sheet by applying a predetermined
adhesive to the stage or the sheet. When a molding is performed without applying adhesive, the molded object peels
off from the stage or the sheet due to a lack of adhesive strength or a warp of the PP, making molding impossible. When
an adhesive is applied on the stage or the sheet, not only a step of drying the adhesive after application is required, but
also a bottom surface of the molded object and a surface of the stage or the sheet must be cleaned after molding.
Furthermore, since a step of cleaning the stage or the sheet surface and applying an adhesive occurs each time a
molding is performed, it is not suitable for a continuous production of molded objects.

[0015] There is also a method of adhering a molded object to a sheet by using a dedicated sheet made of PP (PP
sheet) as the sheet. However, when the PP sheet is used, a bottom surface of the molded object and the PP sheet are
fused, and the PP sheet component remains on the bottom surface of the molded object. Also, when the PP sheet is
fused to the bottom surface of the molded object, it is required to replace the PP sheet. For this reason, since PP sheets
offered commercially are expensive, the costs required for molding increases. Furthermore, when the PP sheet on the
stage is replaced, cleaning the PP sheet component (adhesive component) remaining on the stage is troublesome.
Although a protective sheet used in molding of such as a polylactic acid (PLA) does not have an adhesive effect on the
stage, the protective sheet is resistant to tearing and can be used multiple times. No adhesive component remains on
the stage, the molded object and the protective sheet do not fuse together, and no adhesive component of the protective
sheet remains on the molded object. However, since the protective sheet does not have an adhesive effect, when a
molding is performed with a stereo-forming apparatus using a resin filament constituted of PP, a molded object in a first
layer is peeled off from the protective sheet and cannot be molded originally.

[0016] That is, since the adhesive and the sheet generally cannot be repeatedly used, it is required to re-bond the
sheet and re-apply the adhesive each time molding is performed, and not only a labor for manufacturing and a labor for
replacing the sheet but also resources such as the adhesive and the sheet have to be discarded. Therefore, when a
general-purpose resin such as PP is used as the resin composition for a stereo-forming apparatus, atleast an improvement
in moldability (an improvement in warp and shrinkage rate corresponds to an improvement in moldability.) and an
improvement in adhesiveness are required.

[0017] Here, the present inventors have found that, according to a resin composition for a stereo-forming apparatus
in which a polymer (B) having reactive groups and non-polar polymer molecular chains (hereinafter, may be referred to
as a "component (B)") is contained in a predetermined ratio with a thermoplastic resin (A) (hereinafter, may be referred
to as a "component (A)") as constituent components of the resin composition for a stereo-forming apparatus, appropriate
adhesiveness to a stage can be secured (and/or appropriate adhesiveness within a range in which a sheet placed on
the stage is not damaged can be secured), and a warp can be reduced to an extent that molding can be performed. In
particular, the present inventors have found that when the reactive group has hydrophilicity, and the component (B) is
contained with the component (A) such that a value, obtained by multiplying a ratio of the amount of the component (B)
to the total amount of the resin composition for a stereo-forming apparatus by a ratio obtained by subtracting an amount
of the polymer before introduction of the reactive groups from the amount of the component (B) and dividing it by the
amount of the polymer before introduction of the reactive groups is within a specific range, both an effect of improving
adhesiveness and an effect of reducing warp can be achieved particularly preferable.

[0018] That is, the present inventor has found that by containing a polymer having a reactive group exhibiting hy-
drophilicity into a resin (thermoplastic resin) as a base of a resin composition for a stereo-forming apparatus in a specific
ratio range, moldability can be improved, and an appropriate adhesive strength is exhibited. Here, an improvement in
moldability means that a warp and a shrinkage occurring in a molded object can be reduced, and a molded object having
a predetermined number of layers can be molded. Furthermore, an appropriate adhesive strength referred to a range
of the adhesive strength of the resin composition for a stereo-forming apparatus to a stage and/or a protective sheet in
which a molded object formed of the resin composition for a stereo-forming apparatus can be fixed to the stage and/or
the protective sheet and can be detached from the stage and/or the protective sheet without causing damage to the
protective sheet and the molded object after molding. The present invention has been created based on such findings.

<Overview of Resin Composition for A Stereo-forming Apparatus>

[0019] A resin composition for a stereo-forming apparatus according to an exemplary embodiment of the present
disclosure contains a thermoplastic resin (A) and a polymer (B) having reactive groups and non-polar polymer molecular
chains. Here, a weight-average molecular weight of the thermoplastic resin (A) is higher than a weight-average molecular
weight of the polymer (B) having reactive groups and non-polar polymer molecular chains. A resin composition for a
stereo-forming apparatus can be used with a stereo-forming apparatus to create a molded object without a need to apply
adhesive to a general protective sheet (platform tape) for a stage that are placed on or attached to the stages of the
stereo-forming apparatus.
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[0020] In the present exemplary embodiment, the "molecular chain" refers to a configuration in which all or part of a
polymer, an oligomer molecule, or a block that are composed of structural units that are connected linearly or branched
form are included between terminal groups, branch points, or boundary structural units unique to polymers.

<Details of Resin Composition for A Stereo-forming Apparatus>
[Thermoplastic Resin (A)]

[0021] Thermoplastic resins (A) include styrene resins, acrylic resins, aromatic polycarbonate resins, aliphatic poly-
carbonate resins, aromatic polyester resins, aliphatic polyester resins, olefinic resins (for example, aliphatic polyolefin
resins, cyclic olefinic resins), polyamide resins, polyphenylene ether resins, thermoplastic polyimide resins, polyacetal
resins, poly-sulfone resins, and amorphous fluorine resins.

[0022] Inthe presentexemplary embodiment, the thermoplastic resin (A) is preferably an olefinic resin, more preferably
polypropylene, from a viewpoint of properties such as water absorption, post-processing properties, impact resistance,
chemical resistance, and/or heat resistance. As polypropylene, either homo-polypropylene or random polypropylene
can be used. From a viewpoint of being less likely to crystallize than homo-polypropylene and capable of further reducing
a warp of a molded object, polypropylene is preferably random polypropylene (random copolymer).

[Polymer (B) Having Reactive Groups and Non-polar Polymer Molecular Chains]

[0023] The polymer (B) having reactive groups and non-polar polymer molecular chains according to the present
exemplary embodiment is a polymer that has a reactive group capable of reacting with another substituent group, and
of which molecular chain is substantially non-polar or hydrophobic. The component (B) according to the present exemplary
embodiment may have a reactive group in the molecular chain, and it is not necessary to control a chain length of the
reactive group. In addition, a part of the molecular chain may contain other structural units. Furthermore, a non-polar
polymer of the molecular chain may have other groups different from the reactive group. Moreover, the component (B)
is particularly preferably a graft-type polymer.

(Reactive group)

[0024] A reactive group include atleast one hydrophilic group selected from the group consisting of succinic anhydride
group, carbonyl group (for example, methoxycarbonyl group), and carboxyl group.

(Non-polar Polymer)

[0025] A non-polar polymer is a polymeric substance that does not have a permanent dipole, and is called a non-polar
polymer even when it contains a permanent dipole derived from impurities that are mixed in under normal conditions of
use or from additives that are normally added. Examples of non-polar polymer include polyethylene resin, polypropylene
resin, and tetrafluoroethylene resin.

[0026] In the present exemplary embodiment, a non-polar polymer that is a molecular chain may be olefinic resins
that are substantially non-polar or hydrophobic. Olefinic resins include resins that are homo-polymerized or copolymerized
with two or more kinds of polypropylene, polyethylene, a-olefins (for example, propylene, 1-butene, 1-pentene, etc.),
ethylene/a-olefin copolymers, ethylene/vinyl acetate copolymer resins, propylene/a-olefin copolymers, and the like.
[0027] When the molecular chain is ethylene/vinyl acetate copolymer resin, (meth)acrylic resin, or the like, the reactive
group may be a methoxycarbonyl group or the like contained in the molecular chain. In this case, the non-polar polymer
according to the present exemplary embodiment shall refer to a molecular structure of a portion containing methoxycar-
bonyl group or the like (In this case, the molecular chain refers to a structure in which the molecular chain itself contains
the reactive group. Further in this case, when the molecular chain portion excluding the reactive group is non-polar, the
molecular chain is considered to be a non-polar polymer). Other reactive groups (reactive groups different from meth-
oxycarbonyl group) may be separately introduced into ethylene/vinyl acetate copolymerized resin or (meth)acrylic resin
by graft polymerization, etc.

[0028] The non-polar polymer is preferably at least one non-polar polymer selected from the group consisting of
polypropylene, ethylene/vinyl acetate copolymer resin, and acrylic resin in terms of ease of availability, low specific
gravity, versatility, physical properties, and/or processing properties. Of these, polypropylene is more preferable from a
standpoint of physical properties. These olefinic resin may contain other units that can be copolymerized. These olefinic
resins can be used singly or in combination of two or more.
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(Polymer)

[0029] Examples of polymers including the above molecular chain and reactive group include various polymers in
which the above molecular chain and the above reactive group are combined. Examples thereof include polypropylene,
ethylene/vinyl acetate copolymer resin, and acrylic resin having at least one reactive group among the above reactive
groups. As the polymer, a polymer in which a reactive group is bonded to a molecular chain like a pendant group is more
preferable, and for example, a graft copolymer is preferable. Among the above polymers, from a viewpoint of imparting
hydrophilicity to the resin composition for a stereo-forming apparatus, a maleic anhydride-modified polypropylene
(MAPP), which has a maleic anhydride group as a reactive group and a polypropylene molecular chain, is most preferable.

(Molecular Weight)

[0030] A weight-average molecular weight of the component (B) may be lower than that of the component (A) from a
viewpoint of ease of handling. From a viewpoint of reducing a warp of a molded object without increasing the warp, the
weight-average molecular weight of the component (B) is preferably 100,000 or less, preferably 90,000 or less and
70,000 or less, and is more preferably 65,000 or less and even more preferably 60,000 or less. In addition, from a
viewpoint of ensuring an effect of reducing the warp of the molded object, the weight-average molecular weight of the
component (B) is preferably 20,000 or more, preferably 25,000 or more and preferably 30,000 or more, and is more
preferably 40,000 or more, and even more preferably 50,000 or more. The weight-average molecular weight can be
obtained using a high-temperature gel permeation chromatography (high-temperature GPC) on polystyrene conversion
basis and then calculated in polypropylene conversion basis using the Q factor.

(Graft Ratio)

[0031] When the component (B) is a graft-type polymer (that is, a graft copolymer), an adhesive strength of the resin
composition for a stereo-forming apparatus is improved by having the reactive group. However, from a viewpoint of
furtherimproving the adhesive strength of the resin composition for a stereo-forming apparatus, itis preferable to increase
the graft ratio. In other words, although the adhesive strength is improved even when the graft ratio is low, there is a
tendency for the adhesive strength to be further improved when the graft ratio is increased. In addition, there is a tendency
for a warp of a molded object formed using the resin composition for a stereo-forming apparatus to be reduced by having
a reactive group in the component (B). One of the reasons for this is that a presence of the reactive group improves
adhesive strength. However, from a viewpoint of further reducing a warp of the resin composition for a stereo-forming
apparatus, it is preferable to increase the graft ratio. In other words, although a warp is reduced even when the graft
ratio is low, there is a tendency for the warp to be further reduced when the graft ratio is increased. However, when an
adhesive strength is excessively improved, there may be a case where a molded object formed of a resin composition
for a stereo-forming apparatus and a stage of a stereo-forming apparatus or a resin sheet placed on the stage adhere
firmly, and it may be difficult to remove the molded object from the stage or the resin sheet. Therefore, it is preferably
to set an upper limit for the graft ratio from a viewpoint of facilitating a removal of the molded object from the stage or
the resin sheet.

[0032] Therefore, when the component (B) is a graft copolymer (for example, MAPP), the graft ratio is preferably 1.0%
or more, preferably 2.0% or more, and preferably 3.0% or more, from the viewpoint of improving adhesive strength
and/or reducing a warp. Moreover, from the viewpoint of facilitating the removal of the molded object, the graft ratio is
preferably 4.0% or less, and preferably 3.5% or less. The graft ratio is preferably 1.0% or more from a viewpoint of
maintaining appropriate physical properties of the resin composition for a stereo-forming apparatus and suppressing a
containing amount of the component (B) with respect to the component (A) to suppress manufacturing costs.

(Containing Amount of Component (B))

[0033] When a containing ratio of the component (B) is increased, a warp of a molded object tends to be reduced,
and when the containing ratio is decreased, the effect of reducing the warp tends to decrease. Therefore, with respect
to 100 parts by mass of the component (A), the containing ratio of component (B) is preferably more than 10.3 parts by
mass, preferably 15 parts by mass or more, and preferably 20 parts by mass or more, and preferably 37 parts by mass
or less, preferably 35 parts by mass or less, and preferably 30 parts by mass or less. In addition, when the polymer of
the molecular chain of the component (B) is based on a homo-polymer (for example, when the component (B) is MAPP,
the base polymer is PP, and the PP is homo PP, etc.), there may be a case where a warp increases when the containing
amount of the component (B) is increased. Therefore, the containing amount of the component (B) is preferably 37 parts
by mass or less, as described above.

[0034] The containing amount of the component (A) is 50 wt% or more, may be 60 wt% or more, may be 65 wt% or
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more, is 90 wt% or less, may be 85 wt% or less, and may be 80 wt% or less. The containing amount of the component
(B) is 5wt% or more, may be 10 wt% or more, may be 15 wt% or more, may be 25 wt% or less, and may be 20 wt% or less.

(Range of Value Obtained by Multiplying Containing Ratio of Component (B) and Graft Ratio)

[0035] As a result of various investigations by the present inventors, it has been found that an adhesive strength of
the resin composition for a stereo-forming apparatus is improved and a warp of the resin composition for a stereo-forming
apparatus (and/or molded object) is reduced by including the component (B) in the component (A) in a predetermined
ratio. Furthermore, as a result of detailed study by the present inventors, it has been found that, by setting a ratio of the
reactive group of the component (B) included in the resin composition for a stereo-forming apparatus to a predetermined
range, the adhesive strength of the resin composition for a stereo-forming apparatus is further improved and the warp
is further reduced.

[0036] Thatis, the present inventors have found that, when the component (B) is a graft copolymer, provided that the
value obtained by multiplying the ratio of the mass of the component (B) to the total mass of the resin composition for
stereo-forming apparatus by a graft ratio of the component (B) (hereinafter, may be referred to as an "amount of reactive
group introduced") is in an optimum range, it is possible to achieve the most preferable balance between an improvement
of adhesive strength and a reduction of warp of the resin composition for a stereo-forming apparatus. For example, when
the ratio of the mass of the component (B) to the total mass of the resin composition for stereo-forming apparatus is 15
wt% and the graft ratio is 1.1%, the amount of reactive group introduced is calculated as 0.15 X 0.011 X 100 = 0.165(%).
Specifically, the amount of reactive group introduced is required to be less than 0.57%, and when the amount is 0.165%
or more and 0.51% or less, it has been found that the improvement of an adhesive strength of the resin composition for
a stereo-forming apparatus and the reduction of a warp can be achieved with the most preferable balance.

[0037] An amount of reactive group introduced is preferably 0.165% or more, and may be 0.18% or more, and may
be 0.2% or more, from a viewpoint of reducing a warp by ensuring that an adhesive strength between the resin composition
for a stereo-forming apparatus and/or the molded object and the stage of the stereo-forming apparatus or the protective
sheet on the stage is an adhesive strength that can appropriately adhere the resin composition for a stereo-forming
apparatus and/or the molded object to the stage of the stereo-forming apparatus or the protective sheet. In addition, the
amount of reactive group introduced is preferably 0.51% or less, may be 0.4% or less, and may be 0.3% or less, from
a viewpoint of suppressing for the adhesive strength between the resin composition for a stereo-forming apparatus
and/or the molded object and the stage of the stereo-forming apparatus or the protective sheet on the stage to be an
adhesive strength that allows the resin composition for a stereo-forming apparatus and/or the molded object to be
appropriately removed from the stage of the stereo-forming apparatus or the protective sheet (for example, the adhesive
strength that allows removal of the molded object without damaging the protective sheet, because in a case where the
adhesive strength between the molded object and the protective sheet is too high, the protective sheet is damaged when
the molded object is removed).

[Low-crystalline Homo-polypropylene (C)]

[0038] The resin composition for a stereo-forming apparatus according to the present exemplary embodiment can
further include a low-crystalline homo-polypropylene (C) (hereinafter sometimes referred to as a "component (C)"). By
including the component (C), a warp of the resin composition for a stereo-forming apparatus can be further reduced.
[0039] According to the present exemplary embodiment, the low-crystalline homo-polypropylene (C) is a homo-poly-
propylene, of which melting point (T,,), defined by the peak top of a peak observed on the highest temperature side of
a melting endothermic curve that was measured, using a differential scanning calorimeter (DSC), by keeping the tem-
perature at -10°C for 5 minutes in a nitrogen atmosphere and then raising a temperature at a rate of 10° C/min., is 0°C
or higher and 120°C or lower. The weight-average molecular weight of the component (C) is preferably 10,000 or more,
more preferably 30,000 or more, further preferably 50,000 or more, preferably 200,000 or less, and more preferably
150,000 or less. The weight-average molecular weight can be obtained using a high-temperature gel permeation chro-
matography (high-temperature GPC) on polystyrene conversion basis and then calculated in polypropylene conversion
basis using the Q factor.

[0040] The component (C)includes a low-elasticity/low-molecular-weight polyolefin. For example, a low-elasticity/low-
molecular-weight polyolefin (commodity name: L-MODU S600, L-MODU S901, manufactured by ldemitsu Kosan Co.,
Ltd.), of which melt flow rate (MFR) is 500 (g /10 min) (230 °C., 2.16 kg) or less, is preferable, and a low-elasticity/low-
molecular-weight polyolefin (commodity name: L-MODU S901, manufactured by Idemitsu Kosan Co., Ltd.), of which
melt flow rate (MFR) is 100 (g /10 min) (230 °C., 2.16 kg) or less, is more preferable.
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(Containing Amount of Component (C))

[0041] When a containing ratio of the component (C) increases, a warp of a molded object tends to decrease, and
when a containing ratio of the component (C) increases further, a rigidity of the resin composition for a stereo-forming
apparatus is likely to decrease. Therefore, with respect to 100 parts by mass of the component (A), the containing ratio
of the component (C) is preferably 5 parts by mass or more, preferably 10 parts by mass or more, and preferably 15
parts by mass or more, and preferably 60 parts by mass or less, preferably 55 parts by mass or less, preferably 45 parts
by mass or less, and preferably 30 parts by mass or less. A containing amount of the component (C) may be 5 wt% or
more, 10 wt% or more, and 40 wt% or less, 30 wt% or less, or 20 wt% or less.

[0042] Here, by setting the containing amount of the component (C) to 10 wt% or more and 20 wt% or less, an effect
of suppressing a warp of the resin composition for a stereo-forming apparatus and/or the molded object is improved.
When the containing amount of the component (C) is less than 10 wt%, the effect of suppressing a warp is exhibited,
but the effect of suppressing a warp is lower than a case where the containing amount of the component (C) is 10 wt%
or more. In addition, when the containing amount of the component (C) exceeds 30 wt%, the rigidity of the resin com-
position for a stereo-forming apparatus may decrease, and when a resin filament formed of such resin composition for
a stereo-forming apparatus is used in a stereo-forming apparatus, a filament jamming may occur in a filament feed unit.

[Filler]

[0043] The resin composition for a stereo-forming apparatus according to the present exemplary embodiment may
contain a filler from a viewpoint of improving strength. The filler is not particularly limited as long as it has a size that
allows the filler to pass through a nozzle of a stereo-forming apparatus. Examples of fillers include glass fiber, carbon
fiber, calcium carbonate, and/or talc.

<Other Contained Substances>

[0044] Various contained substances such as bulking agents, plasticizers, moisture absorbers, property modifiers,
reinforcing agents, colorants, flame retardants, antioxidants, anti-aging agents, conductive agents, antistatic agents, UV
absorbers, UV dispersants, solvents, fragrances, deodorants, pigments, dyes, and diluents may be added to the resin
composition for a stereo-forming apparatus as needed to the extent that the physical properties or the like of the resin
composition for a stereo-forming apparatus are not affected.

<Application Field>

[0045] The resin composition for a stereo-forming apparatus according to the present exemplary embodiment can be
used for various purposes. Specifically, the resin composition for a stereo-forming apparatus can be used for various
products such as various structures, various parts (electric/electronic parts, automobile parts, etc.), home appliances,
housing/building materials, and packaging materials. Since the resin composition for a stereo-forming apparatus ac-
cording to the present exemplary embodiment has an appropriate adhesive strength to a stage of the stereo-forming
apparatus and/or a resin sheet placed on the stage, the resin composition for a stereo-forming apparatus can be used
as a filament for a stereo-forming apparatus without using an adhesive conventionally used. The filament for a stereo-
forming apparatus can then be used to manufacture a molded object of the desired shape with a stereo-forming apparatus.
Further, the resin composition for a stereo-forming apparatus according to the present exemplary embodiment can be
molded into a pellet shape and used as a pellet for a stereo-forming apparatus. Similar to the filament for a stereo-
forming apparatus, a pellet for a stereo-forming apparatus can also be used in a stereo-forming apparatus in which a
pellet-shaped material is supplied for molding.

<Method for Manufacturing Resin Composition for A Stereo-forming Apparatus>

[0046] The method for manufacturing the resin composition for a stereo-forming apparatus according to the present
exemplary embodiment is not particularly limited, for example, the resin composition for a stereo-forming apparatus can
be manufactured by containing a predetermined amount of the component (A) and the component (B), and further adding
the component (C) and other contained substances as necessary and then stirring them. The order in which each
component and other contained substances are added is not particularly limited and can be determined as appropriate.

<Manufacturing Method for Molded Object>

[0047] Using the resin composition for a stereo-forming apparatus according to the present exemplary embodiment,
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a resin filament for a stereo-forming apparatus (3D printer) is produced using a known technique. The produced resin
filament is set in a stereo-forming apparatus, and a molded object is manufactured by molding under a predetermined
condition. In manufacturing of a molded object, molding can be performed directly on the stage of the stereo-forming
apparatus using a resin filament formed by using the resin composition for a stereo-forming apparatus according to the
present exemplary embodiment. However, from a viewpoint of preventing a stage wear or the like, it is preferable to
place a protective sheet on the stage. There is no particular limitation on the protective sheet as long as the protective
sheet can be attached to the stage. For example, a polyimide sheet, an acrylic resin sheet, a PP sheet, a masking tape,
a curing tape, and/or a cellophane tape can be used as the protective sheet. In the case where these protective sheets
are used, it is the same that the amount of reactive group introduced is preferably in the range described above. When
a random polymer (for example, random polypropylene) is used as the component (A), a molded object can be manu-
factured without a protective sheet.

<Effects of Embodiment>

[0048] Conventionally, in manufacturing of a molded object using a stereo-forming apparatus, it is required to attach
a protective sheet (platform tape) to a stage of the stereo-forming apparatus in order to prevent the stage from wearing
due to adhesion of the molded object. When using a PP resin filament, since PP itself has no adhesiveness to the stage
or the protective sheet, an adhesive (water-soluble adhesive) is required be applied to a surface of the stage or the
protective sheet to fix the molded object to the stage or the protective sheet. In addition, PP itself has a large amount
of warp that occurs during molding, making it difficult to ensure moldability.

[0049] However, in the resin composition for a stereo-forming apparatus according to the exemplary embodiment, the
component (A) contains the component (B), which allows the resin composition to exert a prescribed adhesive strength
to a stage of the stereo-forming apparatus and a general protective sheet (platform tape), and also reduces a warp of
the molded object. That is, by containing the component (B) in the prescribed ratio to the component (A), the resin
composition for a stereo-forming apparatus can exert an appropriate adhesiveness to the stage of the stereo-forming
apparatus and the platform tape attached on the stage, as well as suppress a warp and a shrinkage during molding,
thereby improving moldability. Therefore, according to the resin composition for a stereo-forming apparatus according
to the present exemplary embodiment, it is possible to suppress the warp and the shrinkage of the molded object by
exhibiting an appropriate adhesive strength to the stage and the platform tape, and it is also possible to fix the molded
object on the stage and/or the protective sheet without a need to apply adhesive to the stage and the protective sheet
(platform tape). In addition, since the resin composition for a stereo-forming apparatus exhibits appropriate adhesiveness,
it is possible to prevent the platform tape from being damaged even when a molded object is molded on the platform
tape and the molded object is removed from the platform tape. As a result, with the resin composition for a stereo-forming
apparatus, it is possible to manufacture a molded object with good moldability and to ensure an ease of removing the
manufactured molded object from the stage and the protective sheet, and it is possible to save the trouble of applying
adhesive and to reduce the number of replacements of protective sheets.

Examples

[0050] Hereinafter, the present invention is described more specifically with reference to Examples. It goes without
saying that these examples are illustrative and should not be construed in a limited manner.

(Preparation of Examples 1 to 11 and Comparative Examples 1 to 13)

[0051] Each of the contained substances was contained at the containing ratio shown in Table 1, and the contained
substances were mixed and stirred to prepare the resin compositions for a stereo-forming apparatus according to
Examples 1 to 11. In addition, each of the contained substances was contained at the containing ratio shown in Table
3, and the contained substances were mixed and stirred to prepare the resin compositions for a stereo-forming apparatus
according to Comparative examples 1 to 13. In Tables 1 and 3, the unit of the containing amount of each contained
substance is "parts by mass". In Table 2, the unit of the containing amount of each contained substance in Table 1 is
represented as "wt%", and in Table 4, the unit of the containing amount of each contained substance in Table 3 is
represented as "wt%".
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[Table 2]

Contained substance (wt%) Examples
1 2 3 4 5 6 7 8 9 10 | 11
(A) PP PM731M 85 | 75 | 65 | 55 | 67 | 85 | 78 | 73 | 78 | 81 | 70
MG250P 15 | 15 | 15 | 15 | 19 - - - - - -
UMEX 1010 - - - - - 15 - - - - -
(B) MAPP MG441P - - - - - - 10 | 13 - - -
kayabrid - - - - - - - - 14 9 20
MG670P - - - - - - - - - - -
(C) | L-MODU | L-MODU 8901 - 10 | 20 | 30 | 14 - 12 | 14 | 8 10 | 10

1"
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[Table 4]

Contained substance (wt%) Comparative Examples
1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13
(A) PP PM731M 51 | 50 | 51 | 90 | 70 | 87 | 71 | 84 | 85 | 95 | 74 | 50 | 94
MG250P - - - - - 9.0 - - - - - - -
UMEX 1010 - - 19 - - - - - - - - - 2
(B) MAPP MG441P 19 | 20 - - - - 3 6 - - - - -
kayabrid - - - - - - - - - - - - -
MG670P - - - - - - - - 1 5 12 | 20 -
(C) | L-MODU | L-MODU S901 | 30 | 30 | 30 | 10 | 30 4 26 | 10 | 14 - 14 | 30 | 4

[0052] Details of the contained substances in Tables 1 to 4 are as follows.
(Component A: Thermoplastic Resin)
PM731M (random polypropylene manufactured by SunAllomer Ltd.)
(Component B: Polymer Having Reactive Groups and Non-polar Polymer Molecular Chains)

MG250P (Maleic anhydride-modified polypropylene manufactured by Riken Vitamin Co., Ltd., weight-average
molecular weight: 58,000, graft ratio: 1.1%)

UMEX 1010 (Maleic anhydride-modified polypropylene manufactured by Sanyo Chemical Industries, Ltd.,
weight-average molecular weight: 30,000, graft ratio: 3.4%)

MG441P (Maleic anhydride-modified polypropylene manufactured by Riken Vitamin Co., Ltd., weight-average
molecular weight: 36,000, graft ratio: 3.0%)

kayabrid (Kayabrid0OO2P, maleic anhydride-modified polypropylene manufactured by KAYAKU NOURYON
CORPORATION, weight-average molecular weight: 65,000, graft ratio: 2.0%)

MG670P (Maleic anhydride-modified polypropylene manufactured by Riken Vitamin Co., Ltd., weight-average
molecular weight: 165,660, graft ratio: 1.0%)

(Component C: Low-crystalline Homo-polypropylene)
L-MODU (L-MODU S901, low crystalline polypropylene manufactured by Idemitsu Kosan Co., Ltd., MFR (g/10 min)
(230°C, 2.16 kg) = 50)
[Evaluation of Moldability]
[0053] The evaluation of moldability of the resin composition for a stereo-forming apparatus according to Examples
1 to 11 and the resin composition according to Comparative Examples 1 to 13 was performed under the following
conditions.
<3D Printer Used for Moldability Evaluation>
[0054] 3D printer: Da Vinci Jr.Pro.X + (manufactured by XYZ printing, Inc.)
<Molding Conditions>
[0055]
e Stage protective sheet: XYZ printing DAVINCI Pro series dedicated platform tape (acrylic resin sheet)
¢ Nozzle temperature: 260°C

e  Stage temperature: 40°C
¢ Moldability evaluation items: number of molding layers, warp, and adhesive strength

13
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[Measurement Procedure of Number of Molding Layers and Warp]

[0056] Fortheresin compositionfora stereo-forming apparatus according to Examples 1to 11 and the resin composition
according to Comparative Examples 1 to 13, molding were performed under the following shapes and conditions.

e Shape: aflat plate having thickness of 1 mm X length of 50 mm X width of 50 mm (A flat plate obtained by laminating
5 layers. The thickness per layer is 0.2 mm.).
*  Molding speed: 15 mm/s

(Method for Evaluating Molding Layer Number)

[0057] When a molded object was peeled off from a stage of a 3D printer during the molding, or when the molded
object warped from the stage and a nozzle were in contact with each other, the molding was stopped at the time of
peeling and at the time of contact, the number of layers at the time of stopping was defined as the number of molding
layers. When the molded object was not peeled off from the stage or did not warp from the stage and come into contact
with the nozzle during the molding, the molding was stopped at the time point when the five-layer layering was completed.

(Method for Evaluating Warp)

[0058] The molded object was left to stand still at 23°C for 24 hours without being peeled off from the stage of the
stereo-forming apparatus from the time point the molding was stopped, including the examples (Comparative Examples
4 to 13) stopped in a middle of the molding. Thereafter, the molded object was scanned with a 3D scanner, and the
maximum height of the four corners of the molded object were measured. Then, a difference between the lowest point
on diagonal lines of four corners and an average value of heights of the highest points at both ends was measured on
two diagonal lines, and an average value of the two differences was taken as a value of warp. That is, in measurement
data of the 3D scanner, a height of the stage was set to 0, and a point where the height was maximum within a range
of 10 mm X 10 mm at the four corners of the molded object was measured. Then, diagonal lines were drawn at four
points obtained in this measurement. Subsequently, a point having the lowest height on the diagonal line was defined
as A, two points used for drawing the diagonal line were defined as B and C, respectively, and a warp was calculated
by the following calculation formula.

(Calculation Formula) Warp = (B + C)/2 - A

[0059] A warp was calculated at each of two diagonal lines, and an average value thereof was taken as the warp of
the molded object.

[Measurement of Adhesive Strength]

[0060] Fortheresin compositionfora stereo-forming apparatus according to Examples 1to 11 and the resin composition
according to Comparative Examples 1 to 13, molding were performed under the following shapes and conditions.

e Shape: a flat plate with thickness of 0.2 mm X length of 25 mm X width of 25 mm (a flat plate with one layer)
¢ Molding speed: 15 mm/s

(Method for Measuring Adhesive Strength)

[0061] The molded objects of the resin composition for a stereo-forming apparatus according to Examples 1 to 11 and
the molded objects of the resin composition according to Comparative Examples 1 to 13 were left standing in a room at
23°C for 5 hours without being peeled off from the stage of the stereo-forming apparatus after molding. Thereafter, a
double-sided tape was stuck to the entire surface of the molded object and adhered to a tension jig. Then, the tension
jig was pulled at 2 mm/min with a universal testing machine, and the maximum test force/sample area (N/cm2) was
defined as an adhesive strength.

[Effect of MAPP type on Warp]

[0062] Fig. 1 shows a warp of a molded object with respect to MAPP type. Fig. 1 was prepared based on the results
of Example 5, Example 11, Comparative Example 1, Comparative Example 3, and Comparative Example 12.

14
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[0063] Based on the results of Examples 1 to 11 and Comparative Examples 1 to 13 (all 24 data) and a non-linear
prediction model constructed by Gaussian Process Regression using these results, an effect of MAPP type on warp
was confirmed. As a result, as shown in Fig. 1, it was shown that when MAPP (MG250P) having a weight-average
molecular weight of 58,000 and a graft ratio of 1.1% was used, warp was the smallest. Further, it was shown that the
warp in the case of using MAPP (MG441P) having a weight-average molecular weight of 36,000 and a graft ratio of
3.0% was the second smallest, the warp in the case of using MAPP (UMEX 1010) having a weight-average molecular
weight of 30,000 and a graft ratio of 3.4% was the third smallest, and the warp in the case of using MAPP (kayabrid
002P) having a weight-average molecular weight of 65,000 and a graft ratio of 2.0% was the fourth smallest. In addition,
it was shown that when MAPP (MG670P) having a weight-average molecular weight of 165,660 and a graft ratio of 1.0%
was used, a warp occurred to the extent that molding was difficult.

[0064] That is, among the MAPPs used in the present Examples, a use of an MAPP (MG250P) having a low graft
ratio of about 1% with a weight-average molecular weight of about the middle tended to minimize the warp, and in the
case of an MAPP having a graft ratio of 1.0% or more and less than 3.0%, the warp tended to increase as the weight-
average molecular weight became higher molecular weight (kayabrid002P and MG670P). However, it was shown that
when the graft ratio was 3.0% or more, a warp occurring could be reduced even when the weight-average molecular
weight was less than 58,000.

[0065] In the case of MAPP (MG441P and UMEX 1010) having a graft ratio of 3.0% or more, it is estimated that
crystallization is likely to proceed starting from MAPP in the component (A) due to a presence of the maleic anhydride-
modified part and the low molecular weight PP, therefore it is estimated that the warp is larger than that of MG250P
although the weight-average molecular weight is lower than that of MG250P. In addition, from a viewpoint of an increase
in the containing amount with respect to the component (A) and from a viewpoint of physical properties and cost of the
resin composition for a stereo-forming apparatus, MAPP having a graft ratio of 1% or less is not preferable.

[0066] Here,inFig. 1, since there is a difference in the containing amount of L-MODU, complete horizontal comparison
is not performed. However, due to the following reasons, even when there is a difference in the containing amount of
L-MODU, it is considered that there is no significant difference in an amount of occurrence of warp due to a difference
in MAPP type, and it can be said that the above results are reliable.

[0067] That is, in the present Examples, it has been confirmed that the significant difference does not occur using a
software package (Anaconda) for executing statistical processing, machine learning, and the like. First, this software
package was used to construct a non-linear prediction model by Gaussian Process Regression using 24 data of Examples
and Comparative Examples. A kernel function Kgpg used for this non-linear prediction model creation is as follows.

[Mathematical formula 1]

. . 1 m . .
Kepr(XxWxU) = Bgexp{ - 5- 2 0 (% N-%,1)?}+8,

[0068] In the above formula, Oy, 0y, and 0, are all hyperparameters. m is the number of explanatory variables x (thus,
m = 3). There are the following three types of explanatory variables.

e Addition amount of MAPP
e Addition amount of L-MODU
*  MAPP type

[0069] x () and x () respectively indicate values of the kth experimental condition among the experimental conditions.
Since the number of vectors of the experimental conditions is 24, which is identical to the number of experimental data,
1<iandj<24 are satisfied. A non-linear prediction model was created using the above software using the above kernel
function, experimental condition x, and data of measured value y of warp.

[0070] Fig. 2 shows a comparison between measured values according to Examples and Comparative Examples and
predicted values by a non-linear prediction model. Specifically, Fig. 2(a) is a graph for confirming an accuracy of the
non-linear prediction model. Fig. 2(b) shows a comparison between the predicted value of warp obtained from the created
non-linear prediction model and the measured value of warp.

[0071] As shown in Fig. 2(a), a vertical axis represents the measured value of warp obtained in Examples and Com-
parative Examples, and a horizontal axis represents the predicted value of warp. Then, the accuracy of the non-linear
prediction model was evaluated using Fig. 2(a). In this graph, a plot at a position closer to a diagonal line indicates that
the model has higher accuracy. Referring to Fig. 2(a), it was shown that most of the plots were located at positions close
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to a diagonal line, and the prediction accuracy of the created model was high.

[0072] Next, as is apparent from Fig. 2(b), the obtained prediction values of the non-linear prediction model also show
that the warp is the smallest when the MG250P is used, and the other prediction values also show that the warp is the
second smallest when the MG441P is used, the warp is the third smallest when the UMEX 1010 is used, and the warp
is the fourth smallest when the kayabrid002P is used. In addition, it was shown that when the MG670P was used, a
large warp occurred even in the predicted value.

[0073] Fig. 3 shows predicted values of warp of each MAPP obtained from a non-linear prediction model. Specifically,
Fig. 3(a) shows predicted values when an addition amount of L-MODU is 10 wt%, Fig. 3(b) shows predicted values when
the addition amount of L-MODU is 20 wt%, and Fig. 3(c) shows predicted values when the addition amount of L-MODU
is 30 wt%.

[0074] Among the prediction data obtained above, for the prediction data in which the addition amount of MAPP was
20 wt%, data in which the addition amount of L-MODU was 10 wt%, 20 wt%, or 30 wt% were taken out and compared
with each other (Data without an addition of MAPP was also included for comparison.). As is apparent from Figs. 3(a)
to 3(c), it was shown that a significant difference in MAPP type does not change depending on the addition amount of
L-MODU even in these three types of prediction data. Therefore, it is considered that a change in the amount of warp
caused by a difference in the addition amount of L-MODU is less likely to occur also in the actual measurement data.
That is, although complete horizontal comparison is not performed in Fig. 1, it is considered that even when there is a
difference in the containing amount of L-MODU, there is no significant difference in the amount of occurrence of warp
due to the difference in MAPP type.

[Relationship Between Amount of Reactive Group Introduced and Warp]

[0075] Fig. 4 shows relationships between amounts of reactive group introduced and amounts of warp of the resin
composition for a stereo-forming apparatus according to Examples and the resin composition according to Comparative
Examples. In Examples and Comparative Examples, the amount of reactive group introduced refers to the amount of
maleic acid introduced. Fig. 5 shows a relationship of an adhesive strength with respect to amounts of reactive group
introduced of the resin composition for a stereo-forming apparatus according to Examples and the resin composition
according to Comparative Examples.

[0076] In Fig. 4, the vertical axis represents the measured value (mm) of warp, and the horizontal axis represents the
amount of reactive group introduced. In Fig. 4, "O", "A", and "X" indicate the following.

[0077]

"O": The number of molded layers was five, and one that could be molded (molding was possible).
"A": The number of molded layers was five, but a sheet was damaged when the molded object was removed.
"X": The number of molded layers did not reach five.

[0078] As is apparent with reference to Fig. 4, it was shown that the molding was possible and the sheet was not
damaged when the amount of reactive group introduced was 0.165% or more and less than 0.57%. When the amount
of reactive group introduced was 0.57% or more, a molded object could be molded, but the sheet and the molded object
were fixed (or fused), and the molded object could not be detached from the sheet without damaging the sheet. As is
apparent with reference to Fig. 5, an adhesive strength of the resin composition for a stereo-forming apparatus is positively
correlated with the amount of reactive group introduced (amount of maleic acid introduced in Examples). Therefore, it
was shown that the amount of reactive group introduced is preferably less than 0.57% from a viewpoint of setting the
adhesive strength of the resin composition for a stereo-forming apparatus to an appropriate strength. As is apparent
with reference to Fig. 4, it was shown that when the amount of reactive group introduced (amount of maleic acid introduced)
reached 0.165%, warp was rapidly reduced. Therefore, it was shown that the amount of reactive group introduced is
preferably 0.165% or more and less than 0.57%, and more preferably 0.165% or more and 0.51% or less. For example,
even when the amount of reactive group introduced was 0.165% or more as in Comparative Example 8 (see Table 3),
there was a range suitable for molding in a containing ratio of the component (B) having a weight-average molecular
weight lower than a weight-average molecular weight of the component (A) to the component (A), and it was shown that
when the containing ratio of the component (B) to 100 parts by mass of the component (A) was 10.3 parts by mass or
less or more than 37 parts by mass, appropriate molding might not be performed in some cases.

[Effect of Containing of Component (C) on Warp]
[0079] Fig. 6 shows an effect of the containing of the component (C) on warp. Fig. 6 was created based on the data

of Examples 1 to 4 in which MG250P was used as the component (B) and the containing amount of MG250P was 15 wt%.
[0080] Itwasshown thatwhenthe component(C)was contained inanamountof 10 wt% or more in the resin composition
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for a stereo-forming apparatus, a warp was reduced as compared with a case where the component (C) was not contained.
In particular, it was shown that when the containing amount of the component (C) was 10 wt%, the warp was minimized.
The rigidity of a resin filament formed of a resin composition for a stereo-forming apparatus in which the containing
amount of the component (C) is more than 30 wt% may be reduced. Therefore, during molding using the stereo-forming
apparatus, the resin filament may be clogged at a gear portion that supplies the resin filament to a nozzle. Therefore,
the containing amount of the component (C) is preferably 30 wt% or less.

[Relationship Between Adhesive Strength and Warp]

[0081] Fig. 7 shows a relationship between the adhesive strength of the resin composition for a stereo-forming appa-
ratus according to Examples and the adhesive strength of the resin composition according to Comparative Examples
and the warp. Note that "O", "A", and "X" are identical to those in Fig. 4.

[0082] As is apparent with reference to Fig. 7, it was shown that molding can be performed with a warp of 1 mm or
less and an adhesive strength of 5.7 N/cm?2 or more and 12.7 N/cm? or less. That is, when the adhesive strength exceeds
5 N/cm?2, at least five layers can be molded. Alternatively, when the adhesive strength exceeds 12.7 N/cm2, the molded
object adheres to the protective sheet as the protective sheet of the stage is damaged when the molded object is peeled
off. Therefore, it was shown that a suitable range of the adhesive strength is more than 5 N/cm2 and is 12.7 N/cmZ2 or less.

[Stage Protective Sheet]

[0083] Using a resin filament formed of a resin composition for a stereo-forming apparatus containing 67 wt% of the
component (A) (PM731M), 19 wt% of the component (B) (MG250P), and 14 wt% of the component (C) (L-MODU S901)
and placing a protective sheet formed of the following materials on a stage of the 3D printer, molding of a molded object
was attempted (The molding conditions are identical to the "Measurement Procedure of Number of Molding Layers and
Warp" above.).

(Type of Protective Sheet)
[0084]

e XYZ printing DAVINCI Pro series dedicated platform tape (acrylic resin sheet)

e OPP tape (manufactured by MonotaRO Co.,Ltd., material: OPP)

e Curing tape (manufactured by ASKL Corporation, material: polyester cloth)

e Masking tape (manufactured by MonotaRO Co.,Ltd., material: Japanese paper)
e Kapton tape (manufactured by MonotaRO Co., Ltd., material: polyimide)

*  Nosheet

[0085] As a result, it was shown that when using protective sheets other than Kapton tape and no sheet, a molded
object could be molded without warp or peeling. Although the molded object could be molded using an OPP tape, the
tape was fused with the molded object, and an adhesive component remained in the molded object. Furthermore, a
resin composition for a stereo-forming apparatus having a containing in which the component (A) was changed to PM940
(manufactured by SunAllomer Ltd., random copolymer) that is lower crystalline than PM731M was prepared. It was
confirmed that molding can be performed using this resin composition for a stereo-forming apparatus both in the case
of using Kapton tape and the case of using no sheet. That is, it was confirmed that when random polypropylene was
used as the component (A), a molded object can be manufactured on a stage without using a protective sheet.

[0086] From the above, it was shown that when a resin filament formed of the resin composition for a stereo-forming
apparatus according to Examples is used, it is not required to apply an adhesive to a stage and/or a protective sheet at
the time of molding a molded object by a 3D printer. Furthermore, it was shown that the molded object can be detached
without damaging the stage or the protective sheet when detaching the molded object molded on the stage or the
protective sheet.

[0087] Although the exemplary embodiments and examples of the present invention have been described above, the
exemplary embodiments and examples described above do not limit the invention according to the claims. In addition,
it should be noted that not all combinations of features described in the exemplary embodiments and examples are
essential for means for solving the problems of the invention.
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Claims

1.

A resin composition for a stereo-forming apparatus used in an FDM system comprising:

a thermoplastic resin (A); and

a polymer (B) having reactive groups and non-polar polymer molecular chains,

wherein a weight-average molecular weight of the thermoplastic resin (A) is higher than a weight-average
molecular weight of the polymer (B) having reactive groups and non-polar polymer molecular chains,

with respect to 100 parts by mass of the thermal plastic resin (A), the polymer (B) having reactive groups and
non-polar polymer molecular chains is contained more than 10.3 parts by mass and 37 parts by mass or less,
the polymer (B) having reactive groups and non-polar polymer molecular chains is a graft-type polymer, and
a value obtained by multiplying a ratio of a mass of the polymer (B) having reactive groups and non-polar
polymer molecular chains to a total mass of the resin composition for stereo-forming apparatus by a graft ratio
of the polymer (B) having reactive groups and non-polar polymer molecular chains is 0.165% or more and less
than 0.57%.

The resin composition for a stereo-forming apparatus according to claim 1, wherein the reactive group is at least
one hydrophilic reactive group selected from the group consisting of a succinic anhydride group, a carbonyl group,
and a carboxyl group, and the non-polar polymer is at least one non-polar polymer selected from the group consisting
of polypropylene, ethylene/vinyl acetate copolymer resin and acrylic resin.

The resin composition for a stereo-forming apparatus according to claim 1, further comprising a filler.

The resin composition for a stereo-forming apparatus according to claim 1, further comprising a low-crystalline
homo-polypropylene (C), wherein the low-crystalline homo-polypropylene (C) is contained 60 parts by mass or less
with respect to 100 parts by mass of the thermoplastic resin (A).

The resin composition for a stereo-forming apparatus according to claim 1, wherein the polymer (B) having reactive
groups and non-polar polymer molecular chains is maleic anhydride-modified polypropylene (MAPP), the weight-
average molecular weight of the MAPP is 20,000 or more and 100,000 or less, and a graft ratio of the MAPP is 1.0%
or more and 4.0% or less.

The resin composition for a stereo-forming apparatus according to claim 1, wherein the thermoplastic resin (A) is
polypropylene.

Afilament for a stereo-forming apparatus, comprising the resin composition for a stereo-forming apparatus according
to any one of claims 1 to 6.

A molded object, comprising the resin composition for a stereo-forming apparatus according to any one of claims
1to 6.

A pellet for a stereo-forming apparatus, comprising the resin composition for a stereo-forming apparatus according
to any one of claims 1 to 6.
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[Fig.2 (a)]
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[Fig.3 (a)]
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[Fig.4]
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[Fig.5]
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